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Abstract
Background  and  objectives: We  examined  the  additive  effect  of  the  Ramsay  scale,  Canadian
Neurological  Scale  (CNS),  Nursing  Delirium  Screening  Scale  (Nu-DESC),  and  Bispectral  Index
(BIS) to  see  whether  along  with  the  assessment  of  pupils  and  Glasgow  Coma  Scale  (GCS)  it
improved early  detection  of  postoperative  neurological  complications.
Methods:  We  designed  a  prospective  observational  study  of  two  elective  neurosurgery  groups  of
patients:  craniotomies  (CG)  and  non-craniotomies  (NCG).  We  analyze  the  concordance  and  the
odds ratio  (OR)  of  altered  neurological  scales  and  BIS  in  the  Post-Anesthesia  Care  Unit  (PACU)
for postoperative  neurological  complications.  We  compared  the  isolated  assessment  of  pupils
and GCS  (pupils-GCS)  with  all  the  neurologic  assessment  scales  and  BIS  (scales-BIS).
Results:  In  the  CG  (n  =  70),  16  patients  (22.9%)  had  neurological  complications  in  PACU.  The
scales-BIS registered  more  alterations  than  the  pupils-GCS  (31.4%  vs.  20%;  p  <  0.001),  were  more
sensitive (94%  vs.  50%)  and  allowed  a  more  precise  estimate  for  neurological  complications
in PACU  (p  =  0.002;  OR  =  7.15,  95%  CI  =  2.1--24.7  vs.  p  =  0.002;  OR  =  9.5,  95%  CI  =  2.3--39.4).  In
the NCG  (n  =  46),  there  were  no  neurological  complications  in  PACU.  The  scales-BIS  showed
alterations  in  18  cases  (39.1%)  versus  1  (2.2%)  with  the  pupils-GCS  (p  <  0.001).  Altered  CNS
on PACU  admission  increased  the  risk  of  neurological  complications  in  the  ward  (p  =  0.048;
OR =  7.28,  95%  CI  =  1.021--52.006).
Conclusions:  Applied  together,  the  assessment  of  pupils,  GCS,  Ramsay  scale,  CNS,  Nu-DESC  and
BIS improved  early  detection  of  postoperative  neurological  complications  in  PACU  after  elective
craniotomies.a  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  This  is  an
he  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-© 2016  Sociedade  Brasileir
open access  article  under  tPlease  cite  this  article  in  press  as:  Herrero  S,  et  al.  Postoperative  surveillance  in  neurosurgical
patients  --  usefulness  of  neurological  assessment  scores  and  bispectral  index.  Rev  Bras  Anestesiol.  2016.
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Monitoramento  de  pacientes  neurocirúrgicos  no  pós-operatório  --  utilidade  dos
escores  de  avaliac¸ão  neurológica  e  do  índice  bispectral
Resumo
Justiﬁcativa  e  objetivos:  Avaliamos  o  efeito  aditivo  da  escala  de  Ramsay,  Escala  Neurológica
Canadense  (CNS),  Escala  da  Enfermagem  de  Triagem  de  Delírio  (Nu-DESC)  e  Índice  Bispectral
(BIS) para  observar  se,  juntamente  com  a  avaliac¸ão  das  pupilas  e  da  Escala  de  Coma  de  Glasgow
(GCS), melhorava  a  detecc¸ão  precoce  de  complicac¸ões  neurológicas  no  pós-operatório.
Métodos:  Projetamos  um  estudo  observacional,  prospectivo,  de  dois  grupos  de  pacientes
submetidos  à  neurocirurgia  eletiva:  craniotomia  (Grupo  C)  e  não-craniotomia  (Grupo  NC).  Anal-
isamos a  concordância  e  a  razão  de  chance  (OR)  de  alterac¸ões  nas  escalas  neurológicas  e  no  BIS
na sala  de  recuperac¸ão  pós-anestesia  (SRPA)  para  complicac¸ões  neurológicas  no  pós-operatório.
Comparamos  a  avaliac¸ão  isolada  das  pupilas  e  da  GCS  (pupilas-GCS)  com  todas  as  escalas  de
avaliac¸ão neurológica  e  o  BIS  (escalas-BIS).
Resultados:  No  Grupo  C  (n  =  70),  16  pacientes  (22,9%)  apresentaram  complicac¸ões  neurológ-
icas na  SRPA.  As  escalas-BIS  registraram  mais  alterac¸ões  que  as  pupilas-GCS  (31,4%  vs.  20%;
p <  0,001),  foram  mais  sensíveis  (94%  vs.  50%)  e  permitiram  uma  estimativa  mais  precisa
das complicac¸ões  neurológicas  na  SRPA  (p  =  0,002;  OR  =  7,15,  IC  95%  =  2,1--24.7  vs.  p  =  0,002;
OR =  9,5,  IC  95%  =  2,3--39,4).  No  grupo  NC  (n  =  46),  não  houve  complicac¸ões  neurológicas  na
SRPA. As  escalas-BIS  mostraram  alterac¸ões  em  18  casos  (39,1%)  versus  um  caso  (2,2%)  com  as
pupilas-GCS  (p  <  0,001).  Alterac¸ão  na  CNS  na  admissão  à  SRPA  aumentou  o  risco  de  complicac¸ões
neurológicas  na  enfermaria  (p  =  0,048;  OR  =  7,28,  IC  95%  =  1,021-52,006).
Conclusões:  Aplicados  em  conjunto,  a  avaliac¸ão  das  pupilas,  GCS,  escala  de  Ramsay,  CNS,  Nu-
DESC e  BIS  melhoraram  a  detecc¸ão  precoce  de  complicac¸ões  neurológicas  no  pós-operatório  na
SRPA após  craniotomias  eletivas.
© 2016  Sociedade  Brasileira  de  Anestesiologia.  Publicado  por  Elsevier  Editora  Ltda.  Este e´  um
artigo Open  Access  sob  uma  licenc¸a  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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eurosurgical  patients  have  a  high  risk  of  neurologi-
al  complications  in  the  immediate  postoperative  period
ncreasing  both  morbidity  and  mortality1 and  requiring  spe-
ialized  postoperative  care.  The  Neurological  Intensive  Care
valuation  score  is  a  simple  assessment  developed  and  val-
dated  speciﬁcally  to  assess  the  postoperative  neurologic
tatus  of  postoperative  cardiac  patients.2,3 It  is  not  a com-
lete  neurologic  assessment  evaluation,  and  would  not  be
nough  for  patients  who  have  undergone  brain  surgery.  To
he  best  of  our  knowledge  there  is  not  such  a  neurological
core  validated  for  the  postoperative  neurosurgical  pop-
lation  in  the  Post  Anesthesia  Care  Unit  (PACU).  In  our
nstitution,  we  typically  use  the  assessment  of  the  pupillary
ize  and  reactivity  and  Glasgow  Coma  Scale  (GCS)4 evaluat-
ng  the  mobility  of  all  four  limbs.
There  are  several  validated  clinical  neurological  assess-
ent  scales,  as  the  National  Institute  of  Health  Stroke
cale,5 the  Mini-Mental  State  Examination,6 and  the  Diag-
ostic  and  Statistical  Manual  of  Mental  Disorders.7 A  major
rawback  of  these  assessment  scales  is  that  they  are
ong  and  complex,  and  therefore  not  easily  applicable
or  the  immediate  postoperative  period.8 Other  neurologic
ssessment  scales,  such  as  the  Ramsay  scale,9 the  Cana-
ian  Neurological  Scale  (CNS)10 and  the  Nursing  DeliriumPlease  cite  this  article  in  press  as:  Herrero  S,  
patients  --  usefulness  of  neurological  assessment  scores
http://dx.doi.org/10.1016/j.bjane.2015.09.003
creening  Scale  (Nu-DESC)11 (Appendix  A)  are  better  suited
o  the  assessment  of  extubated  postoperative  neurosurgi-
al  patients  in  the  PACU.  The  main  limitations  of  periodic
o
Svaluations  with  clinical  scales  include:  inter-observer  sub-
ectivity  and  high  inter-observer  variability,11 discontinuous
ecords,  observer  difﬁculty  in  differentiating  among  levels
f  deep  sedation12 and  the  overworked  nursing  care  resulting
rom  their  systematic  application.
The  bispectral  index  (BIS)  (BISTM brain  function  monitor-
ng  system,  Covidien,  Boulder,  USA)  is  an  index  derived  from
he  analysis  of  electroencephalography  scaled  to  correlate
ith  the  depth  of  hypnosis.  Today  it  has  become  standard
onitoring  during  general  anesthesia.  BIS  has  also  proven
seful  in  predicting  states  of  excessive  sedation.13 While
ome  studies  show  a  poor  correlation  between  BIS  and  the
linical  sedation  scales,12,14--16 other  studies  show  that  BIS
orrelates  with  clinical  scales  if  BIS  recordings  associated
ith  elevated  electromyography  (EMG)  are  excluded.14,17
Because  BIS  records  and  displays  continuously,  it  has  the
otential  advantage  of  acting  as  an  early  warning  signal
f  any  of  the  neurological  complications  that  are  asso-
iated  with  a decreased  level  of  consciousness.  On  the
ther  hand,  the  clinical  neurologic  assessment  scales  are
lso  useful  to  detect  neurological  alterations  not  associated
ith  decreases  in  level  of  consciousness  (motor  or  speech
mpairment,  for  instance).  To  date,  we  have  not  found  any
ublished  studies  that  have  compared  BIS  with  other  neu-
ological  assessment  scales  in  postoperative  neurosurgical
atients.et  al.  Postoperative  surveillance  in  neurosurgical
 and  bispectral  index.  Rev  Bras  Anestesiol.  2016.
In  our  hospital,  the  PACU  is  the  main  unit  for  the  post-
perative  care  of  patients  after  elective  craniotomies.  The
urgical  Intensive  Care  Unit  (SICU)  is  reserved  for  more
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Postoperative  surveillance  in  neurosurgical  patients  
complicated  cases  according  to  the  criteria  of  neuroanesthe-
sia  and  neurosurgery.  The  PACU  is  equipped  for  a  patient’s
overnight  monitoring  if  necessary  and  the  patient--nursing
ratio  can  vary  from  2:1  to  4:1  depending  on  the  patient’s
clinical  status.
The  aim  of  our  study  was  to  assess  the  usefulness  of  neu-
rological  assessment  scales  and  BIS  for  the  early  detection
of  postoperative  neurological  complications  in  the  neurosur-
gical  patient.  Our  hypothesis  was  that  the  additive  effect  of
the  Ramsay  scale,  the  CNS,  the  Nu-DESC  and  BIS  to  the  usual
assessment  of  pupils  and  GCS  would  improve  early  detection
of  postoperative  neurological  complications.
Methods
This  was  an  observational  prospective  study  for  6  months
(October  2011  to  April  2012).  The  study  was  approved  by  the
Ethics  and  Research  Committee  at  our  Institution  (Number
2011/6854,  dated  22-9-2011,  Chairman:  Gomis  R).  We  asked
permission  and  obtained  written  informed  consent  from  the
patients.
Study  population
After  obtaining  informed  consent,  all  patients  scheduled
for  elective  neurosurgery  and  having  recovered  in  the  PACU
during  the  study  period  were  divided  into  two  groups,  the
Craniotomy  Group  (CG),  and  the  Non-Craniotomy  Group
(NCG).  We  excluded  patients  who  refused  to  participate  in
the  study,  those  who  do  not  speak  or  understand  the  lan-
guage,  patients  who  remained  intubated  postoperatively,
and  those  who  were  transferred  to  the  SICU  for  postoperatve
care.  In  the  CG  we  also  excluded  patients  who  underwent
ventriculoperitoneal  shunt  or  cranioplasty  and,  in  the  NCG,
those  who  underwent  subcutaneous  internal  pulse  generator
implant,  cerebrospinal  ﬂuid  (CSF)  infusion  test  under  seda-
tion  or  patients  who  had  previously  undergone  craniotomy.
Design  and  data  collection
We  collected  the  following  demographic  data:  age,  sex,  the
American  Society  of  Anesthesiologists  (ASA)  physical  statusPlease  cite  this  article  in  press  as:  Herrero  S,  e
patients  --  usefulness  of  neurological  assessment  scores
http://dx.doi.org/10.1016/j.bjane.2015.09.003
classiﬁcation  system,  diagnosis,  type  of  surgery,  and  anes-
thetic  technique.  We  collected  intraoperative  data  including
blood  loss  greater  than  1000  mL,  hemodynamic  instability
requiring  the  administration  of  vasoactive  drugs  (repeated
w
c
r
o
Operating
room PACU
T0
BIS BIS
Neurological complications 
Complications diagnosed
Scales Scales Scales Scales Scales
Ta T2 TdT1
Figure  1  Chronogram  of  the  study  (PACU,  post  anesthesia  care  u
in each  nursing  shift;  Td,  discharge  to  the  neurosurgical  ward;  BIS,
computerized  tomography-magnetic  resonance  imaging). PRESS
3
oses  or  an  infusion),  the  presence  of  relative  hypoxemia  for
 given  FiO2 administered  (PaO2/FiO2 ratio  <250),  anisocoria
pon  emergence,  and  death.
The  main  parameters  registered  were:
a)  Neurological  assessment  scales:  size  and  reactivity  of
the  pupils,  GCS,  Ramsay  scale,  CNS,  and  the  Nu-DESC
(Appendix  A).
b)  BIS  recording:  BIS  value,  signal  quality  index  (SQI),  EMG
and  suppression  ratio  (SR).  The  BIS  sensor  was  placed
on  the  contralateral  side  of  the  craniotomy.  In  poste-
rior  fossa  craniotomy  surgery  and  in  the  NCG,  the  BIS
were  placed  in  the  dominant  hemisphere  to  standardize
the  measurement.  In  each  patient,  we  used  the  same  BIS
sensor  for  all  BIS  recordings.  In  cases  of  poor  signal  qual-
ity,  the  sensor  was  repositioned  on  the  same  side  until
an  adequate  signal  was  obtained.  All  BIS  measurements
were  recorded  before  any  neurological  evaluation.
(c)  Postoperative  neurological  complications.  Neurological
complications  were  deﬁned  as  any  clinically  signiﬁcant
neurological  alteration  documented  in  the  patient’s
medical  record  during  their  time  in  the  PACU,  in  the  neu-
rosurgical  ward,  and  any  computed  tomography  and/or
magnetic  resonance  imaging  (CT-MRI)  ﬁnding  considered
as  a  complication  according  to  the  neurosurgeon  crite-
ria.
d)  Follow-up:  after  discharge,  any  visit  to  the  emergency
department  or  readmission  was  recorded  during  the  ﬁrst
postoperative  month.
The  time  data  recorded  were:  T0  --  baseline,  patient
rrival  at  the  pre-anesthesia  before  administration  of  pre-
edication;  Ta  --  patient  admission  to  the  PACU  after
urgery,  once  stabilized;  T1,  T2  --  records  in  each  nursing
hift,  Td  -- PACU  discharge  to  the  neurosurgical  ward  (Fig.  1).
e  also  recorded  any  episodes  with  BIS  <  70  maintained  for
 min  after  admission  to  the  PACU,  regardless  of  time  of
tudy.
We  deﬁned  as  altered  neurologic  scales  the  follow-
ng  criteria:  anisocoria  and/or  loss  of  pupillary  reactivity;
CS  <  15  except  GCS  =  14  with  ocular  response  =  3;  Ramsay
cale  1  or  ≥4;  CNS  <  10,  except  CNS  =  8.5  with  level  of  con-
ciousness  =  1.5;  Nu-DESC  >  0.  We  excluded  those  patientst  al.  Postoperative  surveillance  in  neurosurgical
 and  bispectral  index.  Rev  Bras  Anestesiol.  2016.
ith  GCS  =  14  (ocular  response  =  3)  and  CNS  =  8.5  (level  of
onsciousness  =  1.5)  because  these  scores  might  be  due  to
esidual  effects  of  anesthesia  or  analgesic  effects  of  opi-
ids.  We  deﬁned  as  altered  BIS  a  BIS  value  below  70  for
Neurological complications
 by CT-MRI
Neurosurgical ward
1 month
nit;  T0,  basal;  Ta,  admission  to  the  PACU;  T1  and  T2,  records
 Bispectral  Index;  Scales,  neurological  scales  applied;  CT-MRI,
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 min.  It  was  not  considered  an  alteration  if  the  value  of
he  neurological  scale  or  the  BIS  was  already  abnormal  at
aseline.
We  deﬁned  as  altered  pupils-GCS  or  altered  scales-BIS  if
t  least  one  of  the  assessments  (pupils,  GCS  or  pupils,  GCS,
amsay  scale,  CNS,  Nu-DESC,  BIS)  was  altered  according  to
ur  deﬁnition.
When  an  abnormality  in  a  neurological  assessment  scales
as  observed,  the  anesthesiologist  in  charge  of  the  patient’s
are  would  proceed  to  treat  the  patient  according  to  the
stablished  protocols  in  each  case.
We  compared  BIS  among  patients  with  and  without  post-
perative  neurological  complications  and  we  did  an  analysis
o  see  if  there  was  a  BIS  threshold  able  to  predict  the  pres-
nce  of  postoperative  neurological  complications.
We  analyzed  the  concordance  between  altered  neuro-
ogic  scales  and  altered  BIS  and  the  concordance  between
ltered  neurologic  scales  or  altered  BIS  and  the  occurrence
f  neurological  complications  in  PACU,  in  the  ward,  and
bnormalities  diagnosed  on  the  CT-MRI.  We  also  analyzed
he  ability  of  the  altered  pupils-GCS  and  altered  scales-BIS
ssessments  to  identify  neurological  complications  in  the
ACU.  Finally  we  studied  estimates  of  risk  for  the  occurrence
f  postoperative  neurological  complications.
tatistical  analysis
or  the  analysis  of  demographic  data,  age  was  expressed
s  mean  ±  standard  deviation  (SD)  and  analyzed  with  t  test
or  independent  groups.  Categorical  variables  such  as  sex
nd  ASA,  were  expressed  in  absolute  values  (valid  percent-
ge)  and  were  analyzed  using  Chi-square  or  the  Fisher  exact
est  and  Mann--Whitney  U  test  for  ordinal  variables,  as  ASA.
he  BIS,  SQI  and  EMG  values  were  expressed  as  median
nd  interquartile  range  (IQR).  The  analysis  of  BIS,  SQI  and
MG  between  each  recording  time  from  baseline  test  was
erformed  using  the  Wilcoxon  signed  ranks.  For  analysis  of
ifferences  between  groups  at  each  time  of  registration,  we
pplied  the  Mann--Whitney  U.  The  analysis  of  differences  in
IS  values  between  postoperative  neurological  complicated
nd  uncomplicated  patients  was  done  with  Mann--Whitney
 test.  The  receiver  operating  characteristic  (ROC)  curve
as  used  to  determinate  if,  globally,  the  BIS  had  a predic-
ive  value  for  the  occurrence  of  postoperative  neurological
omplications  and  we  calculated  the  likelihood  ratio  pos-
tive  (LR+),18 deﬁned  as  ratio  sensitivity/(1-especiﬁcity),
or  possible  candidates  of  a  BIS  cut-off  value.  We  per-
ormed  a  binary  logistic  regression  analysis  in  order  to  obtain
stimates  of  risk  for  the  occurrence  of  postoperative  neu-
ological  complications  by  calculating  odds  ratios  (OR)  and
5%  conﬁdence  intervals  (95%  CI)  of  the  altered  neurological
cales  and  BIS.
The  Cochran  Q  test  was  used  for  the  intragroup  analysis
f  the  differences  between  the  times  of  recording  of  altered
eurologic  scales  and  altered  BIS.  The  McNemar’s  test  was
pplied  for  comparison  between  data  recording  times  and
aseline  data.  The  Fisher  exact  test  was  used  to  comparePlease  cite  this  article  in  press  as:  Herrero  S,  
patients  --  usefulness  of  neurological  assessment  scores
http://dx.doi.org/10.1016/j.bjane.2015.09.003
he  proportions  of  alterations  in  the  neurologic  scales  and
he  BIS  between  CG  and  NCG.  Comparisons  between  altered
CS-pupils  and  altered  scales-BIS  were  performed  using  the
cNemar  test.
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Analysis  of  concordance  between  alterations  in  the  neu-
ological  assessment  scales  or  BIS  and  the  occurrence  of
ostoperative  neurologic  complications  was  performed  using
appa  index  according  to  Landis  &  Koch  criteria.19 We  con-
idered  a  poor  concordance  if  kappa  values  were  less  than  0,
light  between  0  and  0.20,  fair  between  0.21  and  0.40,  mod-
rate  between  0.41  and  0.60,  substantial  between  0.61  and
.80  and  almost  perfect  between  0.81  and  1.  We  calculated
ensitivity,  speciﬁcity,  positive  and  negative  predictive  val-
es  of  altered  pupils-GCS  and  altered  scales-BIS  to  identify
eurological  complications  in  the  PACU.  We  considered  sig-
iﬁcant  p-values  ≤  0.05  and  Bonferroni  correction  was  used
hen  indicated.  Analyses  were  performed  with  the  use  of
PSS  software  (version  18.0,  SPSS  Inc.,  Chicago,  IL,  USA).
esults
f  the  151  patients  who  met  inclusion  criteria  during  the
tudy  period,  we  analyzed  a  total  of  116  patients,  70  in  the
G  and  46  in  the  NCG.  Nineteen  patients  were  excluded  in
he  CG  and  16  patients  in  the  NCG  (Fig.  2).
ubjects  demographic  and  clinical  characteristics
G  patients  were  at  higher  preoperative  risk  and  the  NCG
atients  were  older.  In  both  groups,  intravenous  anesthe-
ia  was  the  technique  most  commonly  used:  67  (95.7%)  in
G  and  45  (97.8%)  in  NCG.  In  3  cases  (4.3%)  the  anesthetic
echnique  was  conscious  sedation  (CG)  and  in  1  case  (2.2%)
nhalation  anesthesia  (NCG).  Intraoperative  complications
ccurred  in  16  cases  (22.9%)  in  CG  and  4  cases  (8.7%)  in
CG  (Table  1).
CG  patients  remained  in  the  PACU  an  average  of
6.5  ±  5.6  h,  57  of  them  (81.4%)  spent  the  ﬁrst  postoperative
ight  in  the  PACU  (19.1  ±  1.6  h)  while  13  (18.6%)  were  trans-
erred  to  the  ward  the  same  day  of  surgery  (5.6  ±  1.1  h).
n  the  NCG  group,  the  average  PACU  stay  was  5  ±  5.4  h.
our  patients  (8.7%),  3  spinal  cancer  tumor  resection  and
 cervical  microdiscectomy,  spent  the  ﬁrst  postoperative
ight  in  the  PACU  (20.1  ±  2.8  h),  42  (91.3%)  were  transferred
rom  the  PACU  to  the  ward  after  recovering  from  anesthesia
3.6  ±  2.6  h).  In  NCG  only  4  patients  who  stayed  overnight  in
he  PACU  had  data  recorded  at  times  T1  and  T2.
IS  recordings
IS  values  were  signiﬁcantly  decreased  upon  PACU  admission
hen  compared  to  baseline  in  the  CG  (p  <  0.001)  and  NCG
p  =  0.002).  The  SQI  remained  above  70,  except  at  discharge
n  NCG  (SQI  =  57.5).  In  both  groups,  the  SQI  at  discharge
ecreased  signiﬁcantly  compared  to  baseline  (p  <  0.001).
MG  was  below  50  at  every  recorded  time  in  both  groups.
n  the  NCG,  EMG  value  increased  signiﬁcantly  upon  PACU
dmission  when  compared  to  baseline  (p  =  0.001)  (Fig.  3).  SR
as  0  in  all  patients.  In  16  CG  patients  and  only  one  patient
n  the  NCG  there  were  recorded  episodes  with  BIS  values  <70
aintained  for  one  minute  during  admission  in  the  PACU.et  al.  Postoperative  surveillance  in  neurosurgical
 and  bispectral  index.  Rev  Bras  Anestesiol.  2016.
In  the  CG  group,  we  found  differences  in  BIS  values  at  T0
etween  patients  who  did  not  develop  complications  on  CT-
RI  (median  =  94,  IQR  =  8)  and  those  who  did  (median  =  84,
QR  =  10.5)  (p  =  0.016),  and  in  BIS  values  at  T2  between
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Assessed for eligibility (n=210)
Craniotomies (n=136)
Not meeting inclusion criteria (n=47) Not meeting inclusion criteria (n=12)
Declined to participate (n=0) Declined to participate (n=0)
Did not speak or understand the
language (n=0)
Did not speak or understand the
language (n=1)
Not extubated in operating room
n=0)
Not extubated in operating room
(n=0)
Ventriculoperitoneal shunt (n=27) Pulse generator implant (n=8)
CSF infusion test (n=1)
Previous craniotomy (n=1)
Transferred to SICU (n =17) Transferred to SICU (n =1)
Cranioplasty (n=3)
Lack of basal register (n=4) Lack of basal register (n=8)
Lack of BIS monitor ( n=4) Lack of BIS monitor ( n=5)
Change in the surgical programme
(n=1)
Non-habitual staff (n=7)
Non-habitual staff (n=3)
Unexpected prolonged surgery (n=3)
Analyzed ( n=70) Analyzed ( n=46)
Excluded (n=19) Excluded (n=16)
Meeting inclusion criteria ( n=89) Meeting inclusion criteria ( n=62)
Non-Craniotomies ( n=174)
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(Figure  2  Study  ﬂow  chart  (SICU,  surgical  intensive  
patients  who  did  not  develop  complications  in  the  ward
(median  =  93,  IQR  =  12)  and  those  who  did  (median  =  82,
IQR  =  16)  (p  =  0.019).  The  ROC  curve  showed  that  the  mea-
sured  values  of  T2  BIS  could  predict  the  occurrence  of
neurological  complications  in  the  ward  (p  =  0.019;  area
under  the  curve  0.743,  95%  CI  =  0.566--0.920),  with  the  BIS  of
90  resulting  in  a  LR+  for  complication  of  3.8  from  a  sensitivity
value  of  69%  and  speciﬁcity  of  81.8%.
Alterations  in  the  neurological  evaluation  scales
and BISPlease  cite  this  article  in  press  as:  Herrero  S,  e
patients  --  usefulness  of  neurological  assessment  scores
http://dx.doi.org/10.1016/j.bjane.2015.09.003
The  pupils-GCS  assessment  was  altered  in  the  CG  in  14  cases
(20%)  and  the  scales-BIS  in  36  cases  (51.4%)  (p  <  0.001).  In  the
NCG  we  registered  altered  pupils-GCS  in  1  case  (2.2%)  and
altered  scales-BIS  in  18  cases  (39.1%)  (p  <  0.001)  (Table  2).  In
P
T
I
sunit;  CSF,  cerebrospinal  ﬂuid;  BIS,  bispectral  index).
he  CG,  we  found  a  moderate  concordance  between  altered
IS  and  altered  GCS  (  =  0.438;  p  =  0.001)  and  a  fair  concord-
nce  between  altered  BIS  and  altered  Nu-DESC  (  =  0.345;
 =  0.008)  and  altered  BIS  and  altered  Ramsay  (  =  0.260;
 =  0.029).
ostoperative  neurological  complications
n  the  PACU,  16  patients  (13.8%  of  total)  had  neurologi-
al  complications,  all  in  the  CG  group  (22.9%  of  the  CG)
Table  3).  Aphasia  was  the  most  common  complication
5.7%).  In  only  3  cases,  an  urgent  CT  was  indicated  in  thet  al.  Postoperative  surveillance  in  neurosurgical
 and  bispectral  index.  Rev  Bras  Anestesiol.  2016.
ACU.  In  the  ﬁrst  case,  the  indication  for  was  anisocoria.
he  CT  scan  showed  a  pneumocephalus  with  mass  effect.
n  the  PACU,  anisocoria  (3/5)  persisted  and  altered  Ram-
ay  (1  at  Td)  and  altered  BIS  values,  between  53  and  64,
Please  cite  this  article  in  press  as:  Herrero  S,  
patients  --  usefulness  of  neurological  assessment  scores
http://dx.doi.org/10.1016/j.bjane.2015.09.003
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Table  1  Demographic  and  clinical  characteristics  of  the  subjects.
Variable  Total
(n  =  116)
CG
(n  =  70)
NCG
(n  =  46)
p
Age,  years,  mean  ±  SD  54  ±  16.5  51.1  ±  16.5  58.5  ±  15.7  0.018
Sex, women,  n  (%) 69  (59.5) 43  (61.4)  26  (56.5)  0.6
ASA, n  (%) <0.001
ASA  I 10  (8.6) 0  (0.0) 10  (21.7) <0.001
ASA II 68  (58.6) 39  (56.7) 29  (63) 0.435
ASA III  38  (32.8)  31  (44.3)  7  (15.2)  0.001
Intervention,  n  (%)
Supratentorial  24  (34.3)
Transsphenoidal  20  (28.6)
Posterior  fossa  12  (17.1)
Functional  surgery  11  (15.7)
Other craniotomies  3  (4.3)
Lumbar microdiscectomy  16  (34.8)
Lumbar laminectomy  12  (26)
Spinal tumor  5  (10.9)
Cervical microdiscectomy  4  (8.7)
Brachial plexus  surgery  4  (8.7)
Cervical laminectomy 3  (6.5)
Other 2  (4.4)
Intraop. Complications,  n  (%) 20  (17.2)  16  (22.9)  4  (8.7)  0.074
Hemodynamic  instability 11  (9.5) 9  (12.9)  2  (4.3)  0.196
Bleeding 7  (6)  5  (7.1)  2  (4.3)  0.704
Anisocoria 2  (1.7) 2  (2.9)  0  (0)  0.522
Hypoxemia 1  (0.9) 1  (1.4) 0  (0)  1.000
Mortality 0  (0) 0  (0)  0  (0)  --
CG, Craniotomy Group; NCG, Non-Craniotomy Group; ASA, American 
patient could develop several complications.
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Figure  3  Changes  in  bispectral  index  records  during  the  post-
operative  period  (Data  expressed  as  median  and  interquartile
range (bars).  T0,  basal;  Ta,  admission  to  the  post-anesthesia
care  unit  (PACU);  T1  and  T2,  records  in  each  nursing  shift  (only
in CG);  Td,  discharge  to  the  neurosurgical  ward;  BIS,  Bispec-
tral Index;  SQI,  signal  quality  index;  EMG,  electromyogram;  CG,
craniotomy  group  (closed  symbols);  NCG,  non-craniotomy  group
(open  symbols).  *Signiﬁcant  differences  compared  to  T0  value
in each  group).
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bSociety of Anesthesiologists; SD, standard deviation. The same
ere  registered.  In  the  second  case,  a  CT  was  requested
or  expressive  aphasia  and  a  reduced  GCS,  showing  a  large
neumocephalus.  There  were  alterations  in  the  pupils,  the
amsay  scale,  the  CNS,  the  Nu-DESC  and  the  BIS.  An  urgent
T  was  requested  in  the  third  case  after  a  worsening  aphasia
as  noted  and  it  also  showed  a  pneumocephalus.  The  neu-
ological  examination  showed  alterations  in  GCS,  Ramsay,
NS,  Nu-DESC  and  BIS  values  between  33  and  55.  Three  of
he  5  patients  who  bled  intraoperatively  more  than  1000  mL
howed  neurological  complications  in  the  PACU  (aphasia,
gitation,  anisocoria).  In  all  three  cases  the  neurological
cales  were  altered.
In  the  ward,  a  total  of  23  patients  (19.8%)  suffered  neu-
ological  complications,  18  (25.7%)  in  the  CG  and  5  (10.9%)
n  the  NCG  (Table  3).  Cranial  nerve  palsy  was  the  most  com-
on  complication  in  the  CG  group  (7.1%)  and  sciatic  pain  in
CG  (4.3%).  In  the  CG,  one  patient  developed  bradypsychia.
he  CT  scan  showed  a  pneumocephalus.  During  his  stay  in
he  PACU,  the  patient  had  altered  GCS,  CNS  and  Nu-DESC.
nother  patient  developed  absence  seizures  with  a  normal
T.  We  deﬁned  absence  seizures  in  this  patient  as  lapses  of
wareness  episodes  lasting  only  a  few  minutes  and  consist-
ng  of  a  decrease  in  the  level  of  consciousness,  lack  of  visual
ontact,  decrease  in  reactivity,  low  breathing  rate  withet  al.  Postoperative  surveillance  in  neurosurgical
 and  bispectral  index.  Rev  Bras  Anestesiol.  2016.
eep  inspirations  and  stereotyped  limb  movements.  Unfor-
unately,  an  EEG  could  not  be  recorded  during  the  events
ut  simultaneous  recording  of  BIS  showed  a  decrease  of  BIS
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Table  2  Alterations  in  the  neurological  evaluation  scales  and  BIS  in  the  post  anesthesia  care  unit.
Group  Total  time  in  the  PACU,  n  (%)  T0,  n  (%)  Ta,  n  (%)  T1,  n  (%)  T2,  n  (%)  Td,  n  (%)  pa
Pupils
CG  (n  =  70)  6  (8.6)  1  (1.4)  4  (5.7)  5  (8.6)  4  (9.8)  5  (7.2)  0.236
NCG (n  =  46) 0  (0) 0  (0) 0  (0) 0  (0)
pb 0.080 0.423 0.154 0.155
GCS
CG  (n  =  70)  10  (14.3)  1  (1.4)  8  (11.6)  3  (5.2)  4  (9.8)  5  (7.2)  0.038
NCG (n  =  46)  1  (2.2)  0  (0)  1  (2.2)  0  (0)  1.000
pb 0.048  0.418  0.083  0.082
Ramsay
CG (n  =  70)  13  (18.6)  2  (2.9)  6  (8.6)  6  (10.3)  5  (12.2)  5  (7.2)  0.669
NCG (n  =  46)  5  (10.9)  1  (2.2)  5  (10.9)  0  (0)  0.063
pb 0.305  0.821  0.751  0.082
CNS
CG (n  =  70)  18  (25.7)  6  (8.6)  14  (20.3)  9  (15.8)  7  (17.1)  9  (13)  0.159
NCG (n  =  46)  13  (28.3)  16  (34.8)  10  (21.7)  7  (15.2)  0.508
pb 0.831  <0.001  1.000  0.787
Nu-DESC
CG (n  =  70)  10  (14.3)  6  (8.6)  7  (10)  7  (12.1)  6  (16.2)  5  (7.2)  0.186
NCG (n  =  46)  1  (2.2)  2  (4.3)  1  (2.2)  0  (0)  1.000
pb 0.048  0.382  0.144  0.082
BIS
CG (n  =  70) 16  (23.2) 0  (0) 2  (3) 2  (3.7) 3  (7.5)  0  (0)  0.162
NCG (n  =  46) 1  (2.2) 0  (0) 0  (0) 0  (0)
pb 0.002  1.000  0.513  1.000
Pupils-GCS
CG (n  =  70)  14  (20)  1  (1.4)  11  (15.9)  8  (13.8)  7  (17.1)  9  (18)  0.002
NCG (n  =  46)  1  (2.2)  0  (0)  1  (2.2)  0  (0)  0.368
pb 0.008  1.000  0.026  0.011
Scales-BIS
CG (n  =  70)  36  (51.4)  11  (15.7)  23  (34.3)  23  (42.6)  16  (43.2)  18  (27.7)  0.001
NCG (n  =  46)  18  (39.1)  17  (37)  14  (30.4)  7  (15.6)  0.025
pb 0.254  0.014  0.689  0.168
BIS, Bispectral Index; PACU, Post Anesthesia Care Unit; GCS, Glasgow Coma Scale; CNS, Canadian Neurological Scale; Nu-DESC, Nursing
Delirium Screening Scale; Pupils-GCS, alteration in pupil and/or GCS; Scales-BIS, alteration in any of the neurological assessment scales
and/or BIS; CG, Craniotomy Group; NCG, Non-Craniotomy Group; T0, basal; Ta, admission in the PACU; T1 and T2, records in each nursing
shift; Td, discharge from the PACU.
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np within group (time) comparison.
b p between group comparison.
value  up  to  38  (EMG  28,  SQI  96,  SR  0).  Prodromal  symptoms
included  nausea  and  hyperventilation.  An  EEG  recorded  24  h
later,  when  the  patient  was  asymptomatic,  showed  a  left
fronto-temporal  continuous  delta-theta  slowing  without  any
associated  clinical  changes.  This  neurological  alteration  was
reported  as  ‘‘absence  seizure  with  an  altered  respiratory
pattern’’  in  the  patient’s  medical  record.  In  the  PACU,
besides  alterations  in  BIS,  he  also  showed  altered  GCS,  Ram-
say  score  and  Nu-DESC.  One  patient  (cerebral  lymphoma)
died  from  septic  shock.  In  the  CG,  5  urgent  CT’s  were
requested  on  the  ward:  4  for  severe  headache  (3  with  pneu-Please  cite  this  article  in  press  as:  Herrero  S,  e
patients  --  usefulness  of  neurological  assessment  scores
http://dx.doi.org/10.1016/j.bjane.2015.09.003
mocephalus),  and  1  for  seizures  (pneumocephalus).  In  4  of
the  5  urgent  CT’s  cases,  impaired  neurologic  assessment
scales  were  registered  in  the  PACU.  In  the  NCG,  one  patient
developed  paraplegia.  The  CT  scan  showed  spinal  cord
9
(
c
tompression  from  a  massive  hematoma.  The  patient  under-
ent  surgery  again,  but  remained  with  residual  paraparesis
nd  required  a permanent  indwelling  urinary  catheter.  Dur-
ng  his  stay  in  the  PACU,  neurological  assessment  scales
nd  BIS  were  not  altered.  A  patient  with  Neuro-Behc¸et
isease  was  scheduled  for  decompression  of  the  sciatic
erve  and  gluteal  tumor  excision  (lymphoma).  After  starting
hemotherapy,  he  was  transferred  to  the  ICU  where  he  died
f  multiple  organ  failure  two  weeks  after  surgery.
Regarding  complications  diagnosed  by  neuroimaging,  the
eurosurgeon  reported  an  abnormality  in  11  cases  (9.5%):t  al.  Postoperative  surveillance  in  neurosurgical
 and  bispectral  index.  Rev  Bras  Anestesiol.  2016.
 cases  (12.9%)  in  the  CG  group  and  2  (4.3%)  in  the  NCG
Table  3).  Seven  patients  in  the  CG  had  tension  pneumo-
ephalus  (including  urgent  CT  in  the  PACU  or  the  ward).  In
he  NCG,  CT  showed  a  cord  compression  in  2  patients,  both
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Table  3  Postoperative  neurological  complications.
CG  (n  =  70)
Number  of  patients  (%)  with  neurological  complications  in  the  PACU
Total 16  (22.9)
Aphasia  4  (5.7)  Agitation  1  (1.4)
Anisocoria 3  (4.3)  Psychomotor  retardation  1  (1.4)
Headache 2  (2.9)  Dysarthria  1  (1.4)
Hipoesthesia  2  (2.9)  Nonconvulsive  seizures  1  (1.4)
Cranial nerve  palsy 2  (2.9) Hemiplegia  1  (1.4)
Low level  of  consciousness 1  (1.4) Paresis 1  (1.4)
Hallucination  1  (1.4) Trigeminal  neuralgia 1  (1.4)
Anxiety 1  (1.4)
Number  of  patients  (%)  with  neurological  complications  in  the  ward
Total 18  (25.7)
Cranial  nerve  palsy  5  (7.1)  Bradypsychia  1  (1.4)
Headache 4  (5.7)  Dystonia  1  (1.4)
Aphasia 4  (5.7)  Alexia  1  (1.4)
CSF ﬁstula  4  (5.7)  Right-hemisphere  Synd.  1  (1.4)
Seizures 2  (2.9)  Psychiatric  decompensation  1  (1.4)
Number of  patients  (%)  with  neurological  complications  by  CT-MRI
Total 9  (12.9)
Pneumocephalus  mass  effect  7  (10)  Infection  1  (1.4)
Hematoma mass  effect  1  (1.4)
NCG  (n  =  46)
Number  of  patients  (%)  with  neurological  complications  in  the  PACU
Total 0  (0)
Number  of  patients  (%)  with  neurological  complications  in  the  in  the  ward
Total 5  (10.9)
Lumbosciatalgia  2  (4.3)  Unstable  gait  1  (2.2)
Paraplegia 1  (2.2)  Disorientation  1  (2.2)
Number of  patients  (%)  with  neurological  complications  by  CT-MRI
Total 2  (4.3)
Spinal  cord  compression  2  (4.3)
CG, Craniotomy Group; NCG, Non-Craniotomy Group; PACU, Post Anesthesia Care Unit; CT-MRI, computed tomography-magnetic reso-
nance imaging; CSF, cerebrospinal ﬂuid. The same patient could develop more than one complication. Complications in the PACU, in the
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Bward and by CT-MRI were not additive.
equired  an  additional  operation:  one  from  a  residual  tumor
nd  the  other  from  a  hematoma  (patient  with  paraplegia
etected  in  the  ward).
During  the  ﬁrst  month  after  surgery  20  patients  (17.2%)
ent  to  the  emergency  room  or  were  readmitted  to  the  hos-
ital:  17  (24.3%)  in  the  CG  and  3  (6.5%)  in  NCG  (p  =  0.014).
n  the  CG  group  the  most  common  cause  of  readmission  was
 CSF  ﬁstula-5  cases  (7.1%).  In  CG  group  8  patients  (11.4%)
nderwent  second  or  repeat  surgery:  5  (7.1%)  for  CSF  leaks,
 (2.9%)  for  surgical  wound  infection  and  1  (1.4%)  for  epis-
axis.  In  the  NCG  one  patient  was  treated  for  neuropathic
ain,  another  for  lumbosciatalgia  and  the  third  for  paralytic
leus.  None  required  further  surgery.
oncordance  between  alterations  in  neurological
ssessment  scales  or  BIS  and  postoperativePlease  cite  this  article  in  press  as:  Herrero  S,  
patients  --  usefulness  of  neurological  assessment  scores
http://dx.doi.org/10.1016/j.bjane.2015.09.003
eurological  complications
n  the  CG  group,  we  found  moderate  concordance  between
lterations  of  GCS  and  the  occurrence  of  neurological
P
(
s
vomplications  in  the  PACU  and  fair  concordance  between
lterations  of  the  Ramsay  scale,  CNS,  Nu-DESC  or  BIS  and
he  occurrence  of  neurological  complications  in  the  PACU.
lterations  in  CNS  scores  showed  moderate  concordance
ith  abnormalities  seen  on  the  CT-MRI,  alterations  in  GCS
howed  fair  concordance.  Equally,  altered  pupils-GCS  and
cales-BIS  showed  moderate  and  fair  concordance,  respec-
ively,  with  neurological  complications  in  the  PACU  (Table  4).
n  the  NCG,  we  could  not  analyze  concordance  in  most
ases,  because  at  least  one  of  the  variables  remained
onstant.
redictive  values
he  sensitivity  and  negative  predictive  value  of  the  scales-
IS  assessment  to  detect  neurological  complications  in  theet  al.  Postoperative  surveillance  in  neurosurgical
 and  bispectral  index.  Rev  Bras  Anestesiol.  2016.
ACU  in  the  CG  was  greater  than  the  pupils-GCS  assessment
94%  vs.  50%  and  97%  vs.  86%,  respectively),  and  with  a  lower
peciﬁcity  (61%  vs.  89%)  and  positive  predictive  value  (42%
s.  57%).
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Table  4  Analysis  of  concordance  between  alterations  in  neurological  assessment  scales  or  bis  and  occurrence  of  postoperative
neurological complications  in  craniotomy  group.
Complications  in  the
PACU
Complications  in  the
ward
Complications  diagnosed
by  CT-MRI
Kappa  p  Kappa  p  Kappa  p
Pupils  0.169  0.098  0.044  0.655  0.000  0.250
GCS 0.440  <0.001  0.213  0.058  0.399  0.006
Ramsay 0.263 0.027 0.136  0.244  0.143  0.326
CNS 0.379 0.001 0.177 0.138  0.530  <0.001
Nu-DESC 0.347 0.003 0.213 0.058 0.175 0.229
BIS  0.349  0.004  0.220  0.066  0.108  0.460
Pupils-GCS 0.407  0.001  0.274  0.020  0.240  0.097
Scales-BIS 0.381  <0.001  0.155  0.133  0.161  0.132
Craniotomy Group (n = 70). BIS, Bispectral Index; PACU, Post Anesthesia Care Unit; CT-MRI, computed tomography-magnetic resonance
imaging; GCS, Glasgow Coma Scale; CNS, Canadian Neurological Scale, Nu-DESC, Nursing Delirium Screening Scale, Pupils-GCS, alteration
cal a
a
r
Iin pupil and/or GCS; Scales-BIS, alteration in any of the neurologi
Odds  ratio  of  altered  neurological  scales  and  BIS
for postoperative  neurological  complicationsPlease  cite  this  article  in  press  as:  Herrero  S,  e
patients  --  usefulness  of  neurological  assessment  scores
http://dx.doi.org/10.1016/j.bjane.2015.09.003
In  the  CG,  altered  pupils,  GCS,  CNS,  pupils-GCS  and  scales-
BIS  were  estimates  of  risk  for  postoperative  neurological
complications.  On  admission  to  the  PACU,  the  scales-BIS
c
o
a
Table  5  Signiﬁcant  odds  ratio  of  altered  neurological  scales  
complications  in  craniotomy  group.
Time Diagnosis  of  neurological  complicatio
Pupils
Ta  PACU  
GCS
Ta PACU  
Td Ward  
Td CT-MRI  
Ta, T1,  T2  and  Td  CT-MRI  
CNS
Ta PACU  
Td Ward  
Ta CT-MRI  
Td CT-MRI  
Ta, T1,  T2  and  Td  CT-MRI  
Pupils-GCS
Ta PACU  
Td Ward  
Ta, T1,  T2  and  Td  Ward  
Scales-BIS
Ta PACU  
Ta Ward  
Ta CT-MRI  
Craniotomy Group (n = 70); BIS, Bispectral Index; GCS, Glasgow Coma S
pupil and/or GCS; Scales-BIS, alteration in any of the neurological ass
basal; Ta, admission in the PACU; T1 and T2, records in each nursing sh
magnetic resonance imaging; CI, conﬁdence interval.ssessment scales and/or BIS.
ssessment  allowed  a more  precise  estimate  for  the  occur-
ence  of  neurological  complications  in  the  PACU  (Table  5).
n  the  NCG,  the  probability  of  developing  neurologicalt  al.  Postoperative  surveillance  in  neurosurgical
 and  bispectral  index.  Rev  Bras  Anestesiol.  2016.
omplications  in  the  ward  among  patients  with  altered  CNS
n  admission  to  the  PACU  was  7.28  times  of  those  with  non-
ltered  CNS  (p  =  0.048;  95%  CI  =  1.021--52.006).
and  BIS  for  the  occurrence  of  postoperative  neurological
n Odds  ratio  95%  CI  p
12.23  1.18--127.36  0.036
7.58  1.57--36.53  0.012
15.69  1.61--152.55  0.018
18.00  1.60--202.95  0.019
9.33  1.59--54.58  0.013
5.11  1.44--18.16  0.012
8.91  1.92--41.24  0.005
10.31  1.93--59.05  0.006
9.07  1.55--53.07  0.014
18.67  3.09--112.61  0.001
9.53  2.31--39.39  0.002
8.91  1.92--41.24  0.005
4.09  1.19--14.11  0.026
7.15  2.07--24.69  0.002
3.40  1.06--10.88  0.039
5.78  1.19--28.04  0.030
cale; CNS, Canadian Neurological Scale; Pupils-GCS, alteration in
essment scales and/or BIS; PACU, post-anesthesia care unit; T0,
ift; Td, discharge from the PACU; CT-MRI, computed tomography-
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0  
iscussion
he  scales-BIS  assessment  let  us  detect  a  high  percent-
ge  of  neurological  alterations  that  were  not  detected
sing  the  traditional  evaluation  pupils-GCS.  In  the  CG,
hat  fact  conﬁrms  that  after  craniotomy,  patients  have  an
ncreased  risk  of  neurological  complications  in  the  imme-
iate  postoperative  period.  Detecting  these  disturbances
llows  early  diagnostic  or  therapeutic  interventions  that
an  decrease  postoperative  neurologic  complications  and
mprove  prognosis.8 In  our  study,  all  patients  who  needed
n  urgent  CT  in  the  PACU  had  altered  neurological  assess-
ent  scales.  We  believe  that  our  results  support  the  use  of
 more  complete  neurological  assessment  rather  than  the
imple  analysis  of  pupils  and  GCS.
eneﬁts  and  limitations  of  BIS
IS  could  be  useful  as  an  additional  tool  to  predict  the
ccurrence  of  neurological  postoperative  complications,  but
robably  not  beyond  other  well  know  methods.  The  study
emonstrates  that  the  standard  perioperative  assessment
ools  of  GCS  and  careful  neurologic  examination  proved
ffective  to  identify  clinically  signiﬁcant  complications,
egardless  of  BIS  recordings.  The  BIS  is  a  continuous  moni-
oring  that  has  to  alert  us  for  a  more  exhaustive  neurological
ssessment.  Clinical  examination  and  BIS  do  not  have  to  be
utually  exclusive  but  complementary  tools.  BIS  monitor-
ng  was  feasible  in  the  postoperative  period  in  extubated
atients.  High  values  of  SQI,  although  the  EMG  could  not
e  less  than  40,  support  the  fact  that  these  were  reli-
ble  recordings.  The  residual  anesthetic  effect  could  explain
he  decrease  in  BIS  values  when  the  patient  was  admitted
o  the  PACU,  as  BIS  began  recovering  shortly  afterwards.
ur  neurologic  assessment  scales  included  direct  or  indirect
ssessment  of  the  level  of  consciousness,  although,  each
cale  assigning  a  different  speciﬁc  value.  That  could  explain
he  agreement  between  altered  BIS  and  altered  neurolog-
cal  assessment  scales.  However,  we  found  no  association
etween  BIS  alterations  and  alterations  of  the  Ramsay  scale.
ther  studies  have  found  similar  results  when  EMG  recor-
ings  were  above  30.20 On  the  other  hand,  we  also  found
hat  altered  BIS  was  associated  with  the  occurrence  of  neu-
ological  complications  in  the  PACU.  Interestingly,  we  found
igniﬁcant  differences  in  basal  BIS  values  (T0)  between
atients  who  did  and  who  did  not  develop  neurological
omplications  by  CT-MRI.  This  result  may  suggest  that  basal
IS  could  be  a  potential  risk  factor  of  postoperative  neuro-
ogical  complications  associated  with  CT-MRI  abnormalities
n  patients  scheduled  for  craniotomy.  However,  this  is  an
solated  result  in  a  small  sample  of  patients  and  it  does  not
llow  us  to  make  any  valid  conclusion.  In  a  recent  study
n  patients  with  delayed  awakening  after  craniotomy,  the
erebral  state  index  monitoring,  a  monitor  that  analyses
lectroencephalogram  tracing  similarly  to  the  BIS,  proved
o  have  a  high  prediction  probability  for  long-term  uncon-
ciousness  (>24  h)  when  the  measured  values  in  the  ﬁrstPlease  cite  this  article  in  press  as:  Herrero  S,  
patients  --  usefulness  of  neurological  assessment  scores
http://dx.doi.org/10.1016/j.bjane.2015.09.003
 h  postoperatively  was  below  54--63.21 We  could  not  ana-
yze  whether  the  BIS  was  a  better  predictor  of  neurological
omplications  associated  with  a  decreased  level  of  con-
ciousness,  because  the  number  of  these  events  was  too  low.
t
a
b PRESS
S.  Herrero  et  al.
n  addition,  our  criteria  to  deﬁne  the  BIS  alteration  (BIS  <  70
or  1  min)  might  be  too  demanding,  according  to  the  results
f  the  ROC  curve.  It  remains  to  be  studied  whether  the  BIS
etter  predicts  the  impaired  consciousness  in  patients  after
raniotomy  and  what  cut  off  value  in  the  BIS  might  provide
he  highest  predictive  probability.  Nevertheless,  the  intro-
uction  of  a BIS  scale  is  subject  to  limitations  as  EMG  activity
r  ﬁltering  effect  of  air  in  the  subarachnoid  space.  BIS  has
isks  of  raising  an  unwarranted  alarm  bells  by  virtue  of  its
oor  degree  of  speciﬁcity  and  could  suggest  nurses  not  to
bserve  simple  facts,  such  as  level  of  consciousness  and  focal
eﬁcits  that  are  evaluated  in  a  clinical  examination.
ssociation  between  altered  neurological
ssessment  scales  or  BIS  and  development  of
ostoperative neurological  complications  --
stimates of  risk
ltered  neurological  assessment  scales  were  associated
ith  the  development  of  postoperative  neurological
omplications.  A  previous  study  showed  that  the  level  of
wareness  in  postoperative  patients  with  subarachnoid  hem-
rrhage  who  underwent  surgery  was  a  good  predictor  of
eurological  outcome.22 Other  studies  have  found  addi-
ional  predictors  of  postoperative  neurologic  complications,
ncluding  the  duration  of  surgery,  the  surgical  position,
ntraoperative  bleeding,  or  the  appearance  of  new  neuro-
ogical  deﬁcit  after  surgery.23,24 We  also  found  that  most
raniotomy  patients  with  signiﬁcant  intraoperative  bleeding
howed  postoperative  neurologic  complications  in  the  PACU.
e  could  ﬁnd  no  previous  studies  comparing  neurological
ssessment  scales  in  patients  after  craniotomy  to  best  pre-
ict  the  occurrence  of  neurologic  complications.  We  found
hat,  independently,  the  GCS  and  CNS  were  the  most  precise
stimates  of  risk.  GCS  is  well-known  to  predict  neurologic
utcome  in  head  injury  and  subarachnoid  hemorrhage.25
he  CNS  in  turn  allows  more  subtle  abnormalities  of  motor
unction,  which  probably  explains  why  this  scale  detected
he  most  alterations  in  both  groups.  Our  results  also  show
hat  traditional  examination  of  the  pupils  and  the  GCS  is
seful  to  estimate  the  occurrence  of  postoperative  neu-
ological  complications,  but,  probably,  not  enough.  Iacono
t  al.,26 introduced  The  Basic  Neurological  Check  for  use
n  any  patient  with  a  conﬁrmed  or  suspected  neuroscience
iagnosis,  except  stroke.  This  tool  included  assessment  of
rientation,  ability  to  follow  commands,  motor  strength  and
ssessment  for  facial  droop.  Although  no  formal  process  was
onducted  to  evaluate  its  effectiveness,  nurses  verbalize
ore  conﬁdence  in  their  ability  to  identify  clinical  symptoms
romoting  early  diagnosis  and  treatment.  Complete  neuro-
ogical  examination  with  assessment  of  the  Ramsay  scale,
NS,  Nu-DESC  and  BIS  helps  to  improve  this  estimate.  The
igh  sensitivity  of  the  scales-BIS  assessment  suggests  that  if
 preliminary  screening  of  the  population  at  risk  of  devel-
ping  postoperative  neurological  complications  was  made,
robably,  the  predictive  accuracy  of  the  assessment  would
ncrease.et  al.  Postoperative  surveillance  in  neurosurgical
 and  bispectral  index.  Rev  Bras  Anestesiol.  2016.
We  were  surprised  by  the  number  of  patients  in  which
he  Nu-DESC  was  altered,  even  at  baseline.  General
nesthesia  and  neurosurgery  by  themselves  are  proba-
ly  the  main  causes  of  the  occurrence  of  disorientation,
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collection,  Dr.  Josep  María  Nicolas  for  his  support,  and  to  all
the  others  in  our  institution  that  contributed  and  made  this
project  possible.
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inappropriate  behavior,  inappropriate  communication,  illu-
sions/hallucinations  or  psychomotor  retardation  in  the
postoperative  period.  The  main  mechanism  seems  to  be
associated  with  altered  synaptic  neurotransmission  induced
by  anesthesia  or  brain  damage  due  to  surgical  trauma,
ischemia,  edema,  etc.  Probably,  the  use  of  a  speciﬁc  scale
for  assessing  these  alterations  would  help  to  detect  them.
On  the  other  hand,  we  considered  any  alteration  in  the  scale
as  an  alert  signal  although  did  not  exceed  the  cut  off  diag-
nosis  of  delirium  according  to  the  original  scale.11
An  interesting  ﬁnding  was  the  ability  of  neurological
assessments  at  admission  and  discharge  from  the  PACU
to  predict  the  appearance  of  postoperative  neurological
complications.  Based  on  our  results,  the  presence  of  abnor-
mal  scales-BIS  on  admission  to  the  PACU  or  the  presence
of  altered  pupils-GCS  or  altered  CNS  at  discharge  from  the
PACU  would  be  good  indicators  for  recommending  longer
surveillance  and  patient  monitoring.  Eighty  one  percent  of
our  patients  underwent  overnight  monitoring  after  elec-
tive  craniotomy  but  only  34%  had  altered  scales-BIS  at
admission  to  the  PACU  and  31%  altered  pupils-GCS  or  CNS
at  discharge.  The  level  of  care  after  an  elective  cran-
iotomy  is  a  matter  of  concern.  Identifying  predictors  for
postoperative  neurological  complications  could  be  useful
to  select  patients  who  require  a  more  intensive  level
of  observation  and  monitoring.  Several  publications  show
some  preoperative  and  intraoperative  predictors:  Hanak
et  al.27 found  diabetes  and  older  age  to  be  predictive
for  postoperative  ICU  admission.  In  a  neurosurgical  patient
population,  the  application  of  the  surgical  Apgar  score,
based  on  the  estimated  blood  loss,  the  lowest  intraoper-
ative  mean  arterial  blood  pressure  and  the  lowest  heart
rate  predicted  30  day  postoperative  mortality,  complica-
tion  rate,  prolonged  ICU  and  hospital  stay.  The  authors
stated  this  score  may  be  useful  to  efﬁciently  plan  postop-
erative  care.28 Wanderer  et  al.29 developed  and  validated
an  intraoperative  predictive  model  for  unplanned  postop-
erative  intensive  care  unit  admission  that  may  improve  the
process  of  allocating  intensive  care  unit  beds  postopera-
tively.  In  this  regard,  our  study  adds  the  potential  usefulness
of  applying  neurological  assessment  scales  and  BIS  in  the
PACU.
Limitations  of  the  study
We  were  aware  of  some  limitations  of  the  study.  First,
both  the  patients  and  the  nursing  staff  in  the  PACU  knew
about  this  study.  Second,  we  excluded  the  more  seriously
ill  patients  (patients  intubated  or  discharged  to  the  SICU)
because  the  present  study  focused  on  patients’  extubated
in  the  operating  room  and  who  remained  in  the  PACU
postoperatively.  Third,  it  was  impossible  to  obtain  BIS  val-
ues  with  EMG  activity  <30.  The  extubated  neurosurgical
patient  in  the  PACU,  unlike  the  intubated  patient,  does
not  require  pharmacological  sedation  making  it  more  dif-
ﬁcult  to  decrease  the  EMG  activity.  However,  the  quality  of
the  sign  obtained  was  appropriate.  Fourth,  our  criteria  forPlease  cite  this  article  in  press  as:  Herrero  S,  e
patients  --  usefulness  of  neurological  assessment  scores
http://dx.doi.org/10.1016/j.bjane.2015.09.003
deﬁning  neurological  complications  were  based  on  medical
reports  and  the  neurosurgeon’s  assessment  of  CT-MRI.  While
some  authors  have  used  stricter  criteria  (well-deﬁned  neuro-
logic  impairment,  precise  imaging  abnormalities,  or  speciﬁc
r
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eurological  interventions),24 in  other  cases  the  criteria  is
roader  when  deﬁning  neurological  complications  (postop-
rative  new  deﬁcits).23 Finally,  patients  in  the  CG  and  NCG
ere  not  comparable.  The  demographic  and  clinical  differ-
nces  are  explained  by  the  different  nature  of  their  surgical
athologies.  While  in  the  CG,  the  main  pathology  was  neo-
lastic  with  great  general  status  affectation,  patients  in
he  NCG  had  osteoarticular  pathology,  typical  of  older  ages,
esulting  in  more  motor  impairment.  The  higher  incidence
f  intraoperative  complications  in  the  CG  was  due,  probably,
o  increased  preoperative  surgical  risk.
In  summary,  our  study  suggests  that  neurological  assess-
ent  scales  and  BIS,  independently  and  pooled,  could
e  useful  to  predict  the  occurrence  of  neurological
omplications  postoperatively.  By  adding  assessments,  the
umber  of  events  detected  was  higher,  the  conﬁdence  inter-
al  decreased,  and  the  estimates  became  more  accurate.
IS  does  not  substitute  neurological  clinical  examination  to
dentify  clinically  signiﬁcant  complications.  We  could  not
etermine  the  scale  or  combination  of  scales  that  best
stimates  the  occurrence  of  neurological  complications.
o  ﬁnd  the  best  predictive  model  and  the  cut  offs  stud-
es  with  a  large  number  of  patients  and  more  complex
ogistic  regression  analysis  is  needed.  It  would  also  be
nteresting  to  investigate  what  neurological  assessment
cales  are  best  for  each  different  neurological  compli-
ation,  and  whether  these  neurologic  assessment  scales
nd  BIS  are  applicable  to  predict  outcome  in  other  pro-
edures  with  a  high  risk  of  postoperative  neurological
omplications,  like  cardiac  or  orthopedic  surgery,  or  in  neu-
ocritical  patients  (subarachnoid  hemorrhage,  head  injury,
tc.).
Applied  together,  the  assessment  of  pupils,  GCS,  Ram-
ay  scale,  CNS,  Nu-DESC  and  BIS,  improved  early  detection
f  postoperative  neurological  complications  in  PACU  after
lective  craniotomies.
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Total:
Symptoms are rated from 0 to 2 based on the presence and
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2  
ppendix A. Neurological assessment scales
pplied  in the study
Pupil  examination
ssessment  Score
upil  size  (left/right) 1  mm  1
2 mm  2
3 mm 3
4  mm 4
5  mm 5
upil  reaction  (left/right) No  reaction 0
Reacts 1
upil anisocoria, pupils of different size; pupil no reaction, a pupil
hat does not contract when exposed to a bright light.
Glasgow  Coma  Scale  (GCS)4
ategory  Responses  Score
ye  opening Spontaneously  4
To speech  3
To pain  2
None  1
erbal  response Orientated  5
Confused  4
Inappropriate  3
Incomprehensible  2
None  1
otor response Obeys  commands  6
Localizes  to  pain  5
Withdraws  from  pain 4
Flexion  to  pain  3
Extension  to  pain 2
None  1
aximum  score  15
Ramsay  Scale9
evel  of  activity  Score
atient  anxious  and  agitated  or  restless  or  both  1
atient  co-operative,  orientated,  and  tranquil  2
atient  responds  to  commands  only  3
atient  exhibits  brisk  response  to  light
glabellar  tap  or  loud  auditory  stimulus
4
atient  exhibits  a  sluggish  response  to  light
glabellar  tap  or  loud  auditory  stimulus
5
atient  exhibits  no  response  6
Canadian  Neurological  Scale  (CNS)10
entation  Score
evel  of  consciousness Alert  3.0
Drowsy  1.5
rientation Oriented  1.0
Disoriented/NA  0.0
peech Normal  1.0
Expressive  deﬁcit  0.5
Receptive  deﬁcit  0.0
Total: PRESS
S.  Herrero  et  al.
ection  A1  Motor  functions  Weakness  Score
o  comprehension
eﬁcit
Face None  0.5
Present  0.0
Arm,  proximal None  1.5
Mild  1.0
Signiﬁcant  0.5
Total  0.0
Arm,  distal None  1.5
Mild  1.0
Signiﬁcant  0.5
Total 0.0
Leg,  proximal None  1.5
Mild  1.0
Signiﬁcant  0.5
Total  0.0
Leg,  distal None  1.5
Mild  1.0
Signiﬁcant  0.5
Total  0.0
Total:
ection  A2  Motor  response  Weakness  Score
omprehension
eﬁcit
Face Symmetrical  0.5
Asymmetrical  0.0
Arms Equal  1.5
Unequal  0.0
Legs Equal  1.5
Unequal  0.0
Total:
The  Nursing  Delirium  Screening  Scale  (Nu-DESC)11
ymptom  Score  (0--2)
.  Disorientation
erbal  or  behavioral  manifestation  of  not  being
oriented  to  time  or  place  or  misperceiving
persons  in  the  environment
I.  Inappropriate  behavior
ehavior  inappropriate  to  place  and/or  for  the
person;  e.g.,  pulling  at  tubes  or  dressings,
attempting  to  get  out  of  bed  when  that  is
contraindicated,  and  the  like
II.  Inappropriate  communication
ommunication  inappropriate  to  place  and/or
for the  person;  e.g.,  incoherence,
noncommunicativeness,  nonsensical  or
unintelligible  speech
V.  Illusions/hallucinations
eeing  or  hearing  things  that  are  not  there;
distortions  of  visual  objects
.  Psychomotor  retardation
elayed  responsiveness,  few  or  no  spontaneous
actions/words;  e.g.,  when  the  patient  is
prodded,  reaction  is  deferred  and/or  the
 IN+Model
1
1
1
1
1
2
2
2
2
2
2
2
2
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